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(54) Method and device for controlling flatness 

(57) A method for controlling flatness of a strip (1) 
of rolled material rolled to a first flatness target and 
coiled and that Is subsequently uncoiled, and a system 
which employs the method. Measurements of the flat- 
ness of the strip (1) during rolling are compared to both 
the first flatness target and to a second flatness target, 
a Mill Flatness Target 2. A flatness target for each of one 
or more subsequent processes, a Post Rolling Flatness 
Target (PRFT) and a measured flatness error is used to 
adapt a control signal for a mill stand (5) to control and 



regulate the flatness of subsequent production of rolled 
material of the same specification. The adaption may be 
made using different statistical techniques including 
fuzzy logic and neuro-fuzzy logic control methods. In the 
preferred embodiment, flatness measurements after 
decoiling are also fed f onward to at least one subsequent 
process 1 2 and used to adapt control signals to regulate 
flatness of the current strip in the subsequent process 
12. The advantages include that the rolled strip is more 
flat after decoiling, and that flatness control over the strip 
in a subsequent process is more accurate. 
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Description 

TECHNICAL AREA 

[0001] The invention is a controi method and system 
for continuous and semi-continuous processes for the 
production of substantially long and flat sheet or strip of 
material such as copper, steel or aluminium. More par- 
ticularly it is a method and system for flatness control 
for use in a rolling milt where strip is processed subse- 
quent to a rolling operation. 

BACKGROUND ART 

[0002] In the rolling of strip and sheet materials it is 
common practice to roll a material to desired dimensions 
in a rolling mill stand and then feed the resulting strip to 
a coiler. In the coiler, the strip is wound up Into a coll. 
Such coils are then taken off the coiler and after some 
time has elapsed moved on to subsequent processes 
such as annealing, slitting, or surface treatment proc- 
esses and other processes. At the beginning of subse- 
quent processing, the coil is unwound and the strip fed 
into the subsequent process. 
[0003] The tension in the strip between a mill stand 
and a coiler is carefully monitored and it is known to 
measure tension distribution across a strip in order to 
regulate the flatness of the rolled material. In US 
3,481 ,1 94 Sivilottt and Carlsson disclose a strip flatness 
sensor. It comprises a measuring roll over which the 
strip passes between a mill stand and, for this example, 
a coiler. The measuring roll detects the pressure in a 
strip at several points across the width of the strip. The 
pressure represents a measure of the tension in the 
strip. The measurements of tension in the strip result in 
a map of flatness in each of several zones across the 
width of the strip. US4, 400, 957 discloses a strip or 
sheet mill in which tensile stress distribution is meas- 
ured to characterise flatness. The measures of flatness 
are compared to a target flatness and a difference be- 
tween measured flatness and target flatness is calculat- 
ed, as a flatness error. The flatness error is fed back to 
a control unit of the mill stand, so as to regulate and 
control flatness in the strip in order to approach a zero 
flatness error. 

[0004] However, a problem arises during downstream 
or subsequent processing of the coiled strip. When the 
coiled strip is unwound and subsequently processed, it 
is often found that It does not have the same measure- 
ments of flatness as it had when it was measured before 
the strip was coiled up. This means that the strip does 
not have the same flatness after uncoiling as it had be- 
fore coiling, Introducing a flatness enror into the strip 
product from a rolling mill. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the invention to reduce flat- 



ness en-or in a strip. It is another object of the invention 
to reduce flatness en-or in a part of the length of a strip. 
It is a further object of the invention to reduce flatness 
error in a strip that is coiled after rolling. It is a yet further 

5 object of the invention to provide a method to measure 
error in flatness after coiling. Another object of the in- 
vention is to provide a flatness target for subsequent 
processes. Ariother further object of the invention Is to 
provide a compensating factor with which flatness in 

10 both a rolling mill and subsequent processes may be 
improved. 

[0OO6] Ihe invention may be summarily described as 
a method in which flatness of a given strip after de-coil- 
ing is measured and compared to a second and length- 
's dependent flatness target, Mill Flatness Target 2, and a 
second flatness en^or is detemriined which is used to ad- 
just both the rolling of subsequent lengths of strip 
through a mill stand, and to control subsequent and 
downstream processes for the same given strip, as well 
20 as devices and a system for carrying out the method. 
By this means, an error in flatness at different positions 
along the length of a strip due to coiling may be detected 
and subsequently used to reduce orcon^ect such enrors. 
[0007] The main advantage of the invention is that a 
25 strip of rolled material which is processed in subsequent 
processes after rolling may be produced to the required 
flatness with less error, and consequently less down- 
grading of product, scrap and waste. 
[0008] Another advantage Is that flatness error after 
30 de-coiling may be successively used to improve flatness 
of each production of strip rolled to the same strip spec- 
ification. A further advantage is that the post rolling flat- 
ness measurements may be fed forward to subsequent 
downstream processes and used to provide improved 
35 flatness control during those processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention will be described in more 
40 detail in connection with the enclosed drawings. 

Figure 1 (Prior art) shows schematically a part of a 
rolling mill including a flatness measuring roll, a mill 
stand and a coiler according to the known art. 

45 Figure 2 (Prior art) shows a simplified block diagram 
for a method of flatness control with a Mill Flatness 
target according to the known art. 
Figure 3 shows a simplified block diagram for meth- 
od of flatness control for a strip of rolled material 

50 according to an embodiment of the present inven- 
tion. 

Figure 4 shows a diagram for flatness control for a 
strip of rolled material according to an embodiment 
of the present invention. 
55 Figure 5 shows a diagram of a method for flatness 
control for a strip of rolled material in subsequent 
processes according to an embodiment of the 
present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 0] In order to explain the invention, a method and 
device in the prior art will first be described in summary 
detail. Figure 1 (Prior art) shows a metal strip 1 passing 
through a mill stand 5 in a direction shown by an arrow 
D. Strip 1 passes over a measuring roll 2 to a coiler 3. 
Measuring roll 2 is connected to a Flatness Control unit 
4 which is in turn connected to a control unit of mil! stand 
5. Flatness Control unit 4 contains a pre-determined set 
of flatness values, a flatness target for the rolling proc- 
ess, here called Mill Flatness Target, for a given speci- 
fication of strip. 

[0011] Measurements of the strip corresponding to 
strip flatness are talcen on exit from mill stand 5 by meas- 
uring roll 2 before coiling the strip on coiler 3. 
[0012] Figure 2 (Prior art) shows a simplified block di- 
agram for a known control method 10. A strip is rolled 
to the target flatness, Mill Flatness Target which is a 
function of width and which may also expressed as f(w). 
Flatness per zone across the width of the strip during 
rolling is measured at 2. The difference, which here is 
described as a first flatness error, between Mill Flatness 
target and measured values Is processed in a Measure- 
ment Compensator and a summator 8 then sent to the 
Flatness Controller 4. The difference between a meas- 
ured and compensated flatness and the Mill Flatness 
Target per zone, the first flatness error, is used by the 
Flatness Controller to provide one or more control sig- 
nals which are fed back to at least one mill stand 5 before 
the measuring roll 2 in order to reduce the deviation from 
the required flatness In the zone, as defined by the Mill 
Flatness Target for the strip. The Mill Flatness Target is 
applied across the width of the strip and the target does 
not change depending on the length of the strip. This 
method forms part of the state of the art. 
[0013] In the method according to the present inven- 
tion a strip 1 is rolled and identified using a coil identifi- 
cation data which, together with the flatness data and 
flatness system infonnation before colling for the given 
strip 1 , is stored in a data logger 6 shown in Figure 4. 
After coiling, the given strip 1 is moved to a subsequent 
process 12, as shown schematically in Figure 5. 
[0014] Figure 3 shows a control method for roiling 
strip according to the preferred embodiment of the in- 
vention. A second flatness target for rolling strip, a 
length dependent Mill Flatness Target (MFT2) Is formed 
in which the flatness in any zone may vary over the 
length of the strip being rolled. A third type flatness tar- 
get, a post rolling flatness target PRFT is also formed. 
The or a PRFT is a target for flatness of the strip with 
respect to each of one or more subsequent processes. 
The or each PRFT is produced from data stored in a 
database 30 and based on a specification related to a 
subsequent process of strip. The PRFT also differs from 
the Mill Flatness target of the prior ari because it may 
change in any zone depending on the length of the strip. 



In the PRFT, flatness Is a function of both width and 
length, which may also be expressed as f(w. 1). 
[001 5] A strip is rolled as shown schematically in Fig- 
ure 3. Referring next to Figure 4. After rolling and colling 

s at 3 the strip is subsequently uncoiled and led into a sub- 
sequent process. According to the present invention the 
coil is uncoiled, at uncoiler 123 and measured for flat- 
ness after uncoiling at 122 before passing into a subse- 
quent process 1 2. After coiling, flatness errors can occur 

10 in the strip whrch depend on a length position in the strip, 
because flatness can be affected by position of the strip 
in the coil. Temperature and heat distribution in lengths 
of strip close to the centre of the coil vary compared to 
length of strip whk^h are near to the outside of the coil. 

IS [0016] Measurements of flatness after uncoiling are 
taken at 122 and compared to the PRFT following un- 
coiling, and the difference between measured flatness 
and PRFT target, called here the Post Rolling Flatness 
Error (PRFE) is calculated. 

20 [0017] The Post Rolling Flatness Error PRFE is cal- 
culated by subtracting the Post Rolling Flatness Target 
PRFT from the measured Post Rolling Flatness PRF 
Part or whole of the Post Rolling Flatness Error PRFE 
is supplied to an Adaption Algorithm 99 which calculates 

25 a new mill flatness target for the rolling mill, which new 
target is described here as an Optimised Mill Flatness 
Target (OMFT). The OMFT is similar to the Mill Flatness 
target of the prior art to the extent that it contains a target 
for flatness in each zone across the width of the strip 

30 and different from the Mill Flatness target of the prior art 
because the flatness in any zone may change along the 
length of the strip. The OMFT is passed to the mill con- 
troller as a new flatness target, and it is used to optimise 
the second Mill Flatness Target MFT2 in respect of one 

35 or more post rolling flatness targets PRFT for one or 
more subsequent processes. 
[001 8] As described, a part of the PRFE is used in an 
Adaption Algorithm 99 to create the OMFT. The OMFT 
is used as a mill flatness target in 10 so that the post 

40 rolling flatness error PRFE (following uncoiling) is sub- 
stantially reduced to zero in subsequent rolling of strip 
of the same spec'[fk;ation of the known strip 1 . 
[0019] The proportion of the second flatness error 
used to modify the Mill Flatness Target and so produce 

45 the OMFT according to the invention may be calculated 
using different methods, in an embodiment of the inven- 
tion, a predetemnined percentage of the value of the 
PRFE is used in the Adaption Algorithm 99 and applied 
as a compensation factor to fonn the OMFT. 

50 [0020] The difference between measured flatness 
and the OMFT is used to regulate the mill stand 5 so as 
to minimise the difference detected by flatness measur- 
ing roll 2 and the OMFT when subsequently rolling 
lengths of strip. 

55 [0021] Alternatively a filter may be applied to the 
PRFE. The filter may be a mathematical model imple- 
mented as an algorithm, in a development of the inven- 
tion, the proportion of the value of the flatness enror ap- 
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plied as a compensation factor to modify the OMFT may 

be selected using a fuzzy logic system to determine an 
optimum proportion of the value. In another develop- 
ment of the invention, the proportion of the value of the 
flatness error applied as a connpensation factor to mod- 
ify the OMFT may be selected using a neural network 
to determine an optimum proportion of the value. 
[0022] PRFE and OMFT are vectors and can be of 
different size. The Adaption Algorithm 99, which can al- 
so be described as a controller, can be any kind of mul- 
tiple input - multiple output (MIMO) controller, including 
but not limited to the following: 
[0023] MIMO-PID controllers. The most elementary 
controller would be a P control such that 0MFT=1/2 x 
PRFE, where % is an arbitrary proportional factor of the 
controller. This is a similar method to calculate a prede- 
temiined percentage of the PRFE, as described above. 
[0024] MIMO Fuzzy controller. An example is a set of 
n fuzzy controllers, in which each one has as inputs 
membership functions of the value and of the derivative 
of one element of the error vector PRFE. A set of typical 
fuzzy rules that may be used are known as Takagi-Sug- 
eno FLC-1 or FLC-2 which, after de-fuzziftoatlon, gives 
the output vector OMFT. 

[0025] MIMO model-based controllers such as IMC, 
fuzzy, H^, or sliding mode. 

[0026] Neuro, neuro-fuzzy controllers and other 
equivalent controllers that use optimizations based on 
gradient-descent methods. 

[0027] Adaptive control, adaptive internal model con- 
trol, robust and robust adaptive controllers (robust adap- 
tive partial pole placement, robust adaptive model ref- 
erence control, robust adaptive Hg optimal control, ro- 
bust adaptive i-l^ optimal control). 
[0028] In a first production of a strip 1 of a particular 
specification, the MFT2 is a predetennined reference 
value which may even be a constant value over the 
length of the strip, per zone. However after each pro- 
duction run for a strip of the same specification which 
passes through a subsequent process such as uncoil- 
ing, a PRFE is measured. The OMFT which is derived 
from part of the PRFE is successively refined and ap- 
plied to the MFT2 in the rolling mill so that the PRFE of 
successive coils produced after the first production of 
strip entering their respective subsequent processes 
approaches zero. 

[0029] In practice, a PRFT may be developed for sev- 
eral or all processes subsequent to a rolling mill opera- 
tion. This means that a different PRFE for each of more 
than one subsequent process may be fed back to modify 
the OM FT. In this description, the term subsequent proc- 
esses is used to mean operations of coiling or uncoiling, 
as well as any other processes subsequent to a rolling 
operation, such as annealing, etc. 
[0030] In a further embodiment of the invention, the 
PRFE and the flatness measured after uncoiling is also 
used In a feed forward control method. After a strip is 
uncoiled it is led into a subsequent process. Figure 5 



shows a subsequent process 12, which represents an 

example of any process subsequent to uncoiling strip 1 . 
This example shows a batch annealing process 1 2a and 
a continuous annealing process 12b. The second flat- 

5 ness error as shown in Figure 4 measured after uncoil- 
ing a coil at 122 per gh^en coil of strip, is fed f onward to 
a subsequent process such as process 12. 
[0031] For example, during a subsequent process 12 
the flatness may be measured and compared to a target 

10 flatness for, for example, flatness of the strip following 
an annealing process. Figure 5 shows by way of exam- 
ple a PRFT 12a flatness target for Continuous Anneal- 
ing and another target PRFT 12b for Batch Annealing. 
Deviations, flatness en'or, between measured and tar- 

15 get values for the incoming uncoiled strip may be used 
to adapt process parameters for the strip entering the 
process. According to the preferred embodiment of the 
invention the PRFT and or PRFE, and the OMFT, may 
also be used in the control of at least one subsequent 

20 process to compensate for anticipated changes in flat- 
ness due to coiling/uncoiling or any other process fol- 
lowing rolling. Differences or error between PRFT and 
measured flatness may be determined in a subsequent 
process control unit (not shown) and used, for example, 

25 to regulate a light trimming mill stand for Skin Pass Roil- 
ing (55) in which a skin pass may be used to make a 
further and usually small reduction of perhaps only 

0. 75. in strip thickness. The skin pass rolling is adapted 
with part of the error between PRFT and measured flat- 

30 riess. Flatness control for the production of strip is made 
more accurate using a feed forward control method in 
this way. 

35 Claims 

1. A method for controlling flatness of a strip (1) of 
rolled material, in which method measurements tak- 
en of the flatness of the strip (1 ) in at least one zone 

40 after passing through a mill stand (5) are used to 
generate a control signal for the mill stand (5) to 
control and regulate the flatness of the rolled mate- 
rial by comparison to a first predetermined mill flat- 
ness target, characterised by the further step of 

45 

- fomriing a second and length dependent Mill 
Flatness Target MFT2 for the strip (1). 

2. A method according to claim 1 , characterised by 
50 the further steps of 

passing the strip through a subsequent process 
(3,12) 

- measuring the post rolling flatness PRF in the 
55 at least one zone in at least part of the length 

of said strip (1) of rolled material following the 
subsequent process (3, 12) 
• comparing the measured flatness PRF of said 
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Strip (1) to a post rolling flatness target PRFT 
calculating a post rolling flatness enror PRFE 
adapting at least part of the post rolling flatness 
error PRFE to fomi a third, length dependent 
and optimised mill flatness target OMFT 

3. A method according to daim 2, characterised by 
the step of adapting part of the post rolling flatness 
error PRFE by means of an Adaption Algorithm 
(99). 

4. A method according to claim 3, characterised in 
that the Adaption Algorithm is a MIMO-PID control- 
ler such that 0MFT=1/2 x PRFE where ^ is an ar- 
bitrary proportional factor of the controller. 

5. A method according to claim 3, characterised in 
that the Adaption Algorithm is a MIMO Fuzzy con- 
troller comprising a set of n fuzzy controllers, of 
which each one has as inputs membership func- 
tions of the value and of the derivative of one ele- 
ment of the en-or vector PRFE. 

6. A method according to claim 3, characterised in 
that the Adaption Algorithm is a MIMO model-based 
controller such as IMC, fuzzy, H^, sliding mode 
type. 

7. A method according to claim 3, characterised in 
that the Adaption Algorithm is a neuro or neuro- 
fuzzy controller or equivalent that uses optimiza- 
tions based on gradient-descent methods. 

8. A method according to claim 3, characterised in 
that the Adaption Algorithm is an adaptive controller 
or adaptive internal model controller or robust or ro- 
bust adaptive controller. 

9. A method according to ciaim 2, characterised by 
the step of supplying the measured post rolling flat- 
ness PRF to a feed forward control loop of at least 
one subsequent and downstream process (12). 

10. A method according to claim 2, characterised by 
the step of supplying the post rolling flatness en^or 
PRFE to a feed fonvard control loop of at least one 
subsequent and downstream process (12). 

11. A method according to any of the preceding claims 
1-10, characterised in that the subsequent process 
(3) comprises uncoiling a strip (1). 

12. A method according to daim 2, characterised by 
the step of storing flatness measurement data for 
each strip (1) together with data identifying each 
strip 1 . 



rolled material, comprising a rolling mill equipped 
with a mill stand (5), a flatness control unit (4) con- 
taining a first mill flatness target, and a measuring 
roll (2), and a coiler (3), characterised in that said 

5 rolling mill further comprises a subsequent process 
(3, 12), at least one flatness measuring unit (122), 
at least one data logger (1 6, 1 7), a decoiler (1 1 ) and 
at least one subsequent process control unit, ar- 
ranged with a second and length dependent flat- 

'0 ness target MFT and a post roiling flatness target 
PRFT. 

14. A system according to claim 13, characterised in 
that 

i5 

- the at least one flatness measuring unit (122) 
is arranged after the subsequent process (3, 
12). 

- said flatness control unit (4) is an^anged to com- 
20 pare measured flatness of said strip (1) after 

the subsequent process (3, 1 2) with the second 
mill flatness target MFT and calculate a flatness 
error PRFE, 

• said control unit (4) is arranged to generate a 
25 control signal based in part on the flatness error 

PRFE calculated after the subsequent process 

(3,12). 

15. A system according to claim 14, characterised in 
20 that part of the post rolling flatness error PRFE is 

adapted by means of an Adaption Algorithm (99) to 
fomn the control signal. 

16. A system according to claim 14, characterised in 
25 that the control signal is sent to a feed f onward con- 
trol loop in a control unit for a subsequent process 

(12). 

17. The use of a system according to claims 13-15 for 
40 controlling the flatness of a strip (1 ) during rolling of 

following production of a strip of the same type as 

the strip (1). 

18. The use of a system according to claims 13-1 6 for 
<5 controlling the flatness of a strip (1) during subse- 
quent processes applied to the strip (1). 

19. The use of a system according to claims 13-16 for 
controlling a light trimming mill stand during a sub- 

50 sequent skin pass rolling process applied to the 
strip (1). 
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13. A system for controlling flatness of a strip (1) of 
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